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(57) Abstract: The invention deals with the large area flicker effect reduction in display devices like plasma display panels, in which 
the light output is controlled by small pulses over a whole frame period and the amount of small pulses determine the brightness of 
the light output. The invention proposes an adaptation of the known principle of sub-field grouping for large area flicker reduction 
for the specific sub-field coding process called incremental sub-field coding, in which only those sub-field code words are taken 
for display driving having the characteristic that there is never a sub-field inactivated between two activated sub-fields or never 
a sub -field is activated between two inactivated sub-fields.For this specific sub-field coding it is proposed to make the sub-field 
grouping in a simple manner, where all the odd sub-fields are grouped together in one group (Gl) and all the even sub-fields are 
grouped together in a second group (G2). Despite the fact that some luminance differences are present in the groups it has been 
proved, that this sub-field grouping leads to a very efficient large area flicker reduction because of its complementary behaviour to 
the required dithering technique. 
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Method and Apparatus for controlling a display device 

The invention relates to a method and apparatus for 
controlling a display device , such as matrix displays like 
5 plasma display panels (PDP) , display devices with digital 
micro mirror arrays, (DMD) and all kinds of displays based 
on the principle of duty cycle modulation (pulse width 
modulation) of light emission. 

io More specifically the invention is closely related to a kind 
of video processing for improving the picture quality and to 
an improved controlling of the display drivers, in 
particular for large area flicker effect reduction. 

15 Background 

The plasma display technology now makes it possible to 
achieve flat colour panels of large size and with limited 
depth without any viewing angle constraints. The size of the 
displays may be much larger than the classical CRT picture 
20 tubes would have ever been allowed. 

A plasma display panel utilizes a matrix array of discharge 
cells, which could only be "on" or w of f * . Also unlike a CRT 
or LCD in which gray levels are expressed by analog control 
25 of the light emission, a PDP controls the gray levels by 
modulating the number of light pulses per frame (sustain 
pulses) . The eye will integrate this time -modulation over a 
period corresponding to the eye time response. 

30 Since the video amplitude determines the number of light 

pulses, occurring at a given frequency, more amplitude means 
more eye pulses and thus more "on" time. For this reason 
this kind of modulation is known as PWM, pulse width 
modulation. To establish a concept for this PWM, each frame 

35 will be decomposed in sub-periods called w sub-f ields" . For 
producing the small light pulses, an electrical discharge 
will appear in a gas filled cell, called plasma and the 
produced UV radiation will excite a coloured phosphor, which 
emits the light. 
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In order to select which cell should be lighted, a first 
selected operation called "addressing" will create a charge 
in the cell to be lighted. Each plasma cell can be 
considered as a capacitor, which keeps the charge for a long 
time. Afterwards, a general operation called "sustaining" 
applied during the lighting period will accelerate the 
charges in the cell, produce further charges and excite some 
of the charges in the cell. Only in the cells addressed 
during the first selected operation, this excitation of 
charges takes place and UV radiation is generated when the 
excited charges go back to their neutral state. The UV 
radiation excites the phosphorous for light emission. The 
discharge of the cell is made in a very short period and 
15 some of the charges in the cell remain. With the next 
sustain pulse, this charge is utilized again for the 
generation of UV radiation and the next light pulse will be 
produced. During the whole sustain period of each specific 
sub-field, the cell will be lighted in small pulses. At the 
end, an erase operation will remove all the charges to 
prepare a new cycle. 

In static pictures, this time -modulation, repeats itself, 
with the base frequency equal to the frame frequency of the 
displayed video norm. As known from the CRT-technology, all 
light emission with base frequency of 50 Hz, introduces 
large area flicker, which can be eliminated by field 
repetition in 100 Hz CRT TV receivers. Contrarily to the 
CRTs, where the duty cycle of light emission is very short, 
the duty cycle of light emission in PDPs is around 50% for 
middle gray. Also, plasma display panels are operated in 
50Hz or 60Hz progressive scan mode, i.e. a full frame is 
displayed in a 20 ms raster. Both of these reduces the 
amplitude of the 50Hz or 60Hz frequency component in the 
spectrum, and thus large area flicker artifact, but due to 
the larger size of PDPs, with a larger viewing angle, even a 
reduced large area flicker becomes objectionable in terms of 
picture quality. And this is also true for 60 Hz video 
norms. The present trend of increasing size and brightness 



20 



25 



30 



35 



WO 02/45062 



3 



PCT/EP01/13346 



of PDPs, will also contribute to aggravate this problem in 
the future . 

A previous European patent application of the applicant 
5 addresses this problematic. Reference is made to EP document 
EP 0 982 708 Al . In this patent application it is proposed a 
grouping of the sub- fields in a frame period in two 
consecutive groups and a specific type of sub-field coding, 
which makes a distribution of the active sub- field periods 
equally over the two sub-field groups. With this solution 
practically a doubling of the frame repetition rate is 
accomplished. The 50Hz or 60 Hz frequency component is 
substantially reduced and the image quality is improved. 
With the use of a sub-field organization where in both 
groups the most significant sub-field weights are identical 
the symmetrical distribution of light pulses over the two 
sub-field groups was relatively easy to achieve. Only small 
differences in luminance values respectively light pulse 
numbers needed to be tolerated. But such small differences 
did not introduce significant large area flicker. 

Meanwhile, a new type of sub- field coding has been 
developed, which is called "incremental sub-field coding". 
In this type of sub- field coding, there are only some basic 
sub- field code words used for the gray scale portrayal 
rendition. This means, that in the case of 8 Bit video data, 
there are not 256 different sub-field code words for the 
possible video levels, but instead only a few characteristic 
sub- field code words for some distinct video levels and the 
remaining video levels are rendered by some optimized 
dithering or error diffusion techniques. The specialty of 
the incremental code is that in each case there is never one 
sub- field inactivated between two consecutive activated sub- 
fields and vice versa. With this characteristic the 
incremental code has the advantage, that the false contour 
effect is no longer a problem due to the fact that sub- field 
code words for similar video levels cannot deviate at 
various bit positions. The structure of such sub- field code 
words is nearly identical, except for only one sub-field 
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entry. In order to achieve a compensation for the gamma pre- 
corrected input video signal, it is advantageous for this 
incremental code, that the sub- fields weights follow a 
specific behavior, in particular it should follow a gamma 
5 function. This means, that the sub-field weights of the sub- 
fields in a sub- field organization for a frame period 
increase step-by-step. As a result, there are no sub-fields 
in the sub-field organization, which have identical sub- 
field weight. The incremental coding method is disclosed for 
10 example in the European patent application EP-A-0 952 569. 

With such an incremental code, it is not so easy, to apply 
the above -explained concept of sub- field grouping and 
symmetrically distributing the activated sub- field periods 
15 over both groups for large area flicker reduction. 

Invention 

It is an object of the present invention to disclose a 

20 method and an apparatus, which improves the large area 

flicker reduction principle for the case that in the PDP the 
incremental code is used for sub- field coding. This object 
is achieved by the solution claimed in independent claims 1 
and 11. According to the solution claimed in claim 1, an 

25 improved large area flicker reduction for the case of using 
an incremental coding principle, by means of the specific 
grouping of sub- fields in two consecutive groups, wherein 
the odd sub- fields are grouped in one group and the even 
sub-fields are grouped in the other group. This grouping of 

30 sub- fields assures that in the case that the next sub-field 
code word is switched on due to dithering, the additional 
sub-field weight will be added to the group, which 
previously had the lower sub-field weight sum, anyhow. Thus, 
a relatively optimized equalization of the sub-field weights 

35 in both groups is accomplished. The large area flicker 

artifact on PDPs, when displaying 50 Hz based video signals 
or 60Hz video signals, etc. is effectively eliminated. 
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Virtually no extra costs are added for this solution, except 
the adding of one single erasing/resetting operation between 
the two sub-field groups and optionally a priming and 
erasing operation at the beginning of the second group. 

Due to the fact that both 100 Hz sub-field groups in the 
frame period originate from a single picture, the well known 
100 Hz TV mode artifact which introduces a "judder" in the 
video sequence, is also a problem here. This problem can be 
solved by compensating one of the two 100 Hz, 120 Hz, 150 
Hz, etc. fields in the motion direction. This can be done 
with sub-field entry shifting which is adapted to the 
doubling of the frame/field rate. The sub-field entry 
shifting is disclosed in EP-A-0 980 059. 

Advantageously, additional embodiments of the inventive 
method are disclosed in the respective dependent patent 
claims . 

With the measure of exchanging the sub- field group position 
within a frame period in a predetermined frame period raster 
or in a randomized fashion, the remaining level of 
flickering can be further reduced. 

Drawings 

Exemplary embodiments of the invention are illustrated in 
the drawings and explained in more detail in the following 
description. 

In the figures: 

Figure 1 shows the cell structure of the plasma display 
panel in the matrix technology; 

Figure 2 shows the conventional ADS addressing scheme during 
a frame period; 

Figure 3 shows the standard sub- field encoding principle; 
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Figure 4 shows the problematic of false contour effect in 
case of a standard sub- field encoding; 

Figure 5 shows the sub- field encoding principle using an 
incremental code; 

Figure 6 shows the effect of observing a moving transition 
in case of incremental sub- field coding; 

Figure 7 shows the video processing steps for preparation of 
the incremental sub- field encoding; 

Figure 8 shows the principle of the gamma pre -correction for 
standard CRT displays; 

Figure 9 shows the result of displaying a standard pre- 
corrected picture on a PDP, having a linear display 
characteristic ; 

Figure 10 shows the affection of low video levels in case of 
standard sub- field encoding due to the need of gamma pre- 
correction compensation; 

Figure 11 shows the rebuilding of a gamma-like display 
characteristic when using an incremental sub- field coding; 

Figure 12 shows a sub-field organization for an 
implementation of the incremental coding with a global 
addressing period, selectively erasing periods, sustaining 
periods and a global resetting period; 

Figure 13 shows a sub-field organization for an 
implementation of an incremental sub- field coding with a 
global priming period, selective addressing periods, 
sustaining periods and a global erase period; 

Figure 14 shows the human eye temporal response 
characteristic; 
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Figure 15 shows a known principle of controlling a display 
device when using a standard flicker free code; 

Figure 16 shows a first embodiment for controlling a display 
5 device according to the invention when using an incremental 
code ; 

Figure 17 shows a second embodiment for controlling a 
display device according to the invention when using an 
10 incremental sub- field encoding ; 

and 

Figure 18 shows a block diagram of an apparatus according to 
is the invention. 

Exemplary embodiments 

The principle structure of a plasma cell in the so-called 
matrix plasma display technology is shown in Figure 1 . 

20 Reference number 10 denotes a face plate made of glass. With 
reference number 11 a transparent line electrode is denoted. 
The back plate of the panel is referenced with reference 
number 12. There are two dielectric layers 13 for isolating 
face and back plate against each other. In the back plate 

25 are integrated colour electrodes 14 being perpendicular to 
the line electrodes 11. The inner part of the cells consists 
of a luminous substance 15 (phosphorous) and separators 16 
for separating the different coloured phosphorous substances 
(green 15A) (blue 15B) (red 15C) . The UV radiation caused by 

30 the discharge is denoted with reference number 17. The light 
emitted from the green phosphorous 15A is indicated with an 
arrow having the reference number 18 . From this structure of 
a PDP cell it is clear, that there are three plasma cells 
necessary, corresponding to the three colour components RGB 

35 to produce the colour of a picture element (pixel) of the 
displayed picture. 

The gray level of each R, G, B component of a pixel is 
controlled in a PDP by modulating the number of light pulses 
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per frame period. The eye will integrate this time 
modulation over a period corresponding to the human eye 
response. The most efficient addressing scheme should be to 
address n times if the number of video levels to be created 
is equal to n. In case of the commonly used 8Bit 
representation of the video levels, a plasma cell should be 
addressed 256 times according to this. But this is not 
technically possible since each addressing operation 
requires a lot of time (around 2 jis per line > 960 (is for 
one addressing period > 245 ms) for all 256 addressing 
operations, which is more than the 20 ms available time 
period for 50 Hz video frames. 

From the literature a different addressing scheme is known 
which is more practical. According to this addressing scheme 
a minimum of 8 sub-fields (in case of an 8 Bit video level 
data word) are used in a sub- field organization for a frame 
period. With a combination of these 8 sub- fields it is 
possible to generate the 256 different video levels. This 
addressing scheme is illustrated in Fig. 2. In this figure 
each video level for each colour component will be 
represented by a combination of 8 bits with the following 
weights : 



1/2/4/8/16/32/64/128 

To realize such a coding with the PDP technology, the frame 
period will be divided in 8 lighting periods (called sub- 
fields) , each one corresponding to a bit in a corresponding 
sub-field code word. The number of light pulses for the bit 
n 2» is the double as for the bit "1" and so forth. With 
these 8 sub-periods it is possible, through sub- field 
combination, to build the 256 gray levels. The standard 
principle to generate this gray level modulation is based on 
the ADS (Address/Display Separated) principle, in which all 
operations are performed are at different times on the whole 
panel. At the bottom of Fig. 2 it is shown that in this 
addressing scheme each sub- field consists of three parts, 
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namely an addressing period, a sustaining period and an 
erasing period. 

In the ADS addressing scheme all the basic cycles follow one 
after the other. At first, all cells of the panel will be 
written (addressed) in one period, afterwards all cells will 
be lighted (sustained) and at the end all cells will be 
erased together. 

The sub- field organization shown in Fig. 2 is only a simple 
example and there are very different sub-field organizations 
known from the literature with e.g. more sub- fields and 
different sub- field weights. Often, more sub- fields are used 
to reduce moving artifacts and "priming" could be used on 
more sub- fields to increase the response fidelity. Priming 
is a separate optional period, where the cells are charged 
and erased. This charge can lead to a small discharge, i.e. 
can create background light, which is in principle unwanted. 
After the priming period an erase period follows for 
immediately quenching the charge. This is required for the 
following sub- field periods, where the cells need to be 
addressed again. So priming is a period, which facilitates 
the following addressing periods, i.e. it improves the 
efficiency of the writing stage by regularly exciting all 
cells simultaneously . 

The addressing period length is equal for all sub-fields, 
also the erasing period lengths. In the addressing period, 
the cells are addressed line-wise from line 1 to line n of 
the display. In the erasing period all the cells will be 
discharged in parallel in one shot, which does not take as 
much time as for addressing. The example in Fig. 3, shows 
that all operations addressing, sustaining and erasing are 
completely separated in time. At one point in time there is 
one of these operations active for the whole panel. 

Fig. 3 illustrates the encoding of 2 56 video levels using 
the sub-field organizations shown in Fig. 2, inclusive a 
priming/erase operation at the beginning of a frame period. 
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The eye of the observer will integrate, over the duration of 
the image period, the various combinations of luminous 
emissions and by this recreate the various shades in the 
gray levels. 

5 

This integration process is depicted in Fig. 4. The case 
where no motion is present in the video picture is shown in 
the left part of Pig. 4. The entries in the 6 most 
significant Bits of the sub-field code words are shown for 6 
io pixels. With dark gray it is indicated that the 

corresponding pixel is activated for light emission in the 
corresponding sub-field period. The outer left 3 pixels have 
a video level of 127 and the outer right 3 pixels have a 
video level of 128. The eye will integrate the light pulses 
coming from the different sub- field periods. In case of no 1 
motion in the picture the eye will correctly integrate all 
the light pulses for one pixel and catch the correct 
impression of the video level. This is shown at the bottom 
of Fig. 4. 



15 



20 



In the right part of Fig. 4 it is presumed that there is 
motion present in the video picture. The video content is 
the same as in the left part of Fig. 4. In this case the 
observer will follow the moving object in the successive 
25 frames. On a PDP, the light emission time extends over the 
whole image period. With an assumed movement of 3 pixels per 
video frame, the eye will integrate light pulses produced in 
sub-fields coming from 3 neighboring pixels. And this can 
lead to a false contour effect in case there is a transition 
in these three different pixels. This effect is well known 
in the literature and fully described in a number of 
different patent applications. In the right part of Fig. 4 
it is evident, that the eye will catch different light 
intensity impression, when integrating the light pulses 
along the 3 indicated different directions. A dark edge will 
be perceived when observing the moving transition as is 
illustrated at the bottom of Fig. 4. 
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As the false contour effect is a severe problem a number of 
different solutions for false contour compensation have been 
developed and are known from the literature. The problem can 
be solved by a specific type of sub- field encoding, which 
5 will be explained, next. According to this solution only a 
limited number of video levels is rendered for all 256 
possible video levels in order to never introduce any 
temporal disturbances. This code is called "incremental 
code" because two successive code words differ from each 

10 other only by a single Bit entry. Thus, the next code word 
can be derived directly from the previous code word by 
adding a further Bit entry to the previous code word. This 
encoding concept is depicted in Fig. 5. There, at the bottom 
the different admissible sub- field code words are shown for 

15 a sub-field organization with 12 sub-fields as depicted at 
the top of Fig. 5. The corresponding numbers in Fig. 5 
indicate the corresponding sub-field weights. This 
incremental sub- field coding obviously delimits the number 
of video levels to the number of sub-fields in the sub-field 

20 organization. Concretely, instead of 256 different code 

words only 13 different code words are admissible. This is 
negative in the sense of gray scale portrayal. However, with 
some optimized dithering this problematic can be solved. 
Also some kind of optimized error diffusion techniques can 

25 help to compensate this lack of accuracy. 

However, with such a code there will never be one sub-field 
"off" between two consecutive sub-fields "on" and also there 
will never be one sub-field "on" between two consecutive 

30 sub-fields "off". This is the main advantage of such an 

incremental coding method, because it suppresses any false 
contour effect since there are no more any discontinuities 
between two similar levels (e.g. 127/128) as it was the case 
with the standard sub-field encoding mode. As previously 

35 mentioned, this kind of sub-field encoding requires 

dithering techniques to dispose of enough video levels and 
this can introduce some slight noise. 
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Dithering is a known technique for avoiding to loose 
amplitude resolution Bits due to truncation. This technique 
only works if the required Bit resolution is available 
before the truncation step. Dithering can in principle bring 
back as many Bits as those lost by truncation. However, 
dithering can introduce some slight noise in the picture and 
the more dithering Bits are used the more the noise 
frequency decreases and, therefore, becomes more noticeable. 
Specific improvements in the dithering technique for 
application in PDPs are described in another European patent 
application of the applicant with the application number 
00250099.9. For the disclosure of the present invention it 
is therefore expressively referred to this patent 
application, too. 



In the following an example is described where a 4 Bit 
dithering technique is used to increase the number of video 
levels when a 12 sub- field organization is used as shown in 
Fig. 5. However, it is strongly noted, that this is only a 
specific example for explaining the . invent ion and obviously 
different kind of sub-field organizations with a different 
number of sub- fields and with different weights of sub- 
fields can also be used. When using a 4 Bit dithering 
technique the input video level range should be adapted to 
the input range from 0-192. This is because with a 4 Bit 
dithering technique, numbers in the range [0;15] are added to 
the input video levels and this means that the range is 
increased to the range [0/207]. Dividing the video levels in 
this range by 16, i.e. truncation of the 4 least significant 
Bits, leads to an output video level range [0;12] and this 
range corresponds to the 13 possible basic sub-field code 
words shown in Fig. 5 . The 192 video levels are obtained via 
a dithering based on 4 Bits using a spatio-temporal 
variation of the 13 available basic levels. 

Fig. 6 illustrates the eye integration behavior in case of a 
moving transition with video levels 127/128 when these video 
levels are rendered via the incremental coding and the 4 Bit 
dithering technique. Only 6 sub- fields are shown in this 
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example. The numbers at the right side of Fig. 6 denote the 
corresponding sub-field weights. Of course, in the single 
picture there is not the same video level representation as 
the input video levels 127/128, however, this with the 
5 spatio/temporal variation of the video levels the eye will 
catch the right impression on average. From Fig. 6 it is 
evident that the moving transitions between similar video 
levels are no more a source of false contouring but leads to 
a smooth transition. This is shown at the bottom of Fig. 6. 

10 

Fig. 7 shows the different steps when applying this 
technique. The input video picture in the video level range 
[0;255] is normalized in a first step to intermediate video 
level range [0,-192]. To the thus adapted picture the 

15 dithering numbers in the range [0;15] are added. A dithered 
picture in the range [0;207] is resulting. In the following 
step the number of 16 divides the video levels of the 
dithered picture. This corresponds to truncation of the 4 
least significant Bits. What remains are 4 Bit words for the 

20 video levels in the posterized picture. The 4 Bit words, 

however, are restricted to the range [0;12]. And this is what 
is needed for the sub- field encoding process with the 
incremental code. To those 4 Bit words corresponding 12 Bit 
sub- field code words are assigned, finally. Of course, in 

25 the posterized picture a lot of details have been lost. But 
due to the spatio/temporal variation of the video content, 
some details will be restored on average. On the other hand, 
here only a sub-field organization of 12 sub-fields is used. 
A better way is to use more sub- fields, and the more sub- 

30 fields used, the less details are lost. 

The second important idea behind the concept of incremental 
sub-field coding is the implementation of the gamma 
correction function by corresponding adaptation of the sub- 
35 field weights in a sub-field organization. First, the 

problematic behind this is explained. The CRT displays do 
not have a linear response to the beam intensity but rather 
they have a quadratic response. This is well known in the 
art and for that reason, the picture sent to the displays is 
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pre-corrected in the studio or mostly in the camera itself 
so that the picture seen by the human eye respects the 
filmed picture. This principle is illustrated in Fig. 8. The 
camera performs an inverse gamma correction to the pictures. 
These pre-corrected pictures are broadcasted and in the TV 
receivers the pictures are automatically displayed with the 
right linear response because of the gamma function-like 
response characteristic of the picture tubes. The human eye 
will observe the correct colour impressions. 

The plasma display panels have a fully linear response 
characteristic. Therefore, the pre -correct ion made at the 
source level will degrade the observed picture which becomes 
unnatural as is illustrated in Fig. 9. 

Therefore, an artificial degamma needs to be implemented in 
the signal processing of a PDP. When a standard sub- field 
encoding method is used, the gamma correction is made in the 
plasma display unit directly before the sub-field encoding 
process. This can introduce some problems, mostly- in the 
lower video levels as it is illustrated in Fig. io. On the 
left part of Fig. io a standard gamma function is depicted. 
On the abscissa, the input video level is listed. On the 
ordinate, the output video level is listed. The depicted 
gamma function can be illustrated by the following formula Y 
= X 2 - 2 . The problematic area is marked by a rectangular, it 
is the lower input video level area. This area is separately 
depicted in the right part of Fig. 10. There it is seen, 
that all the input video levels up to the number ll will be 
mapped to the output video level 0. The input video levels 
in the range from 12 to 19 will be mapped to the video 
output level 1 and so on. So, there are a lot of lower video 
levels which are destroyed. 

In the case of implementing an incremental sub-field coding, 
there is an opportunity to avoid such an effect. In fact, it 
is possible to implement the gamma function via the sub-' 
field weights. E.g. if it is assumed that we dispose of 12 
sub-fields following a gamma function (with exponent 2.2) 
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from 0 to 255 with a division step of 16 (4 Bit dithering) 
in that case for each of the 13 possible video values V n the 
value displayed should respect the following progression: 



V n = 255 x 
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From these figures, the sub- field weights for an incremental 
code can be relatively simply derived. It has already been 
mentioned that each sub- field code word differs from the 
10 previous sub- field code word by the amount of the sub- field 
weight, which is additionally switched on in the step. This 
means we have to respect the following formulas: 



V n+i = V n + SF n+ i for n > 0 . 

15 
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By simple mathematical operations it follows that the sub- 
field weights can be calculated according to the following 
formula. 



SF n = V n - V n 



This formula applied to the figures listed above, leads to 
the following sub-field weights: 

SF, =1-0 = 1 
SF 2 =5-1 = 4 
SF 3 =12-5 = 7 
SF 4 =23-12 = 11 
SF 5 =37-23 = 14 
SF 6 =55-37 = 18 
SF 7 =78-55 = 23 
SF t =104 - 78 = 26 
SF 9 =135-104 = 31 
SF W =171-135 = 36 
SF U =211-171 = 40 
SF 12 =255-211 = 44 

The accumulation of these sub-field weights follows exactly 
the gamma function behaviour from 1 (no sub- field on) up to 
255 (all sub- fields on) . In Fig. 11 the corresponding curve 
is shown in form of a bar graph for all 12 sub-fields. 

Since in the incremental coding method all sub-fields are 
sequentially activated (no sub-field "off" between two 
consecutive sub-fields "on" and vice versa) it is possible 
to avoid some operation in the electronic implementation of 
such a mode. There are two different possibilities, which 
will be presented below. The first mode is based on 
selective erasing operations. At the beginning of a frame 
period a global addressing operation will excite all the 
plasma cells. This means that all plasma cells are charged. 
Then in the next step the selected erasing operation will be 
performed. This aims at selecting each cell separately in 
order to be able to apply or not an erasing pulse. This 
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operation is similar to a standard addressing or writing 
operation but aims at erasing specifically selected plasma 
cells . Then during the next sustaining operation only the 
cells, which have not been erased before, will generate 
5 light pulses. In that case it is not necessary to perform 3 
operations per sub-field as in the standard ADS addressing 
scheme (namely selective writing or addressing operation 
plus global sustaining operation plus global erasing 
operation) . Instead, there are only 2 operations required 

10 (selective erasing operation and global sustaining 

operation) . Only at the end of the frame period a global 
reset operation (erasing operation) needs to be performed in 
order to initialize the whole panel for the next video 
frame. In such a mode the sub-fields are displayed in an 

15 order as shown in Fig. 12 where the sub-field weight 

increases step by step. The following table shows the code 
words for this kind of implementation. 
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The second possible implementation is based on a selective 
writing of plasma cells. At the beginning of a frame period 
a global priming and erase operation is performed. This is a 
standard priming/erase operation, which is also often used 

25 in the ADS addressing scheme. The sub-fields are placed in a 
reverse order and selectively activated via a standard 
writing/addressing operation. There is no need for an erase 
operation in the sub-field period anymore. Only at the end 
of the frame period a global erasing operation needs to be 

30 performed as a reset before the next frame starts. This mode 
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is illustrated in Fig. 13. This mode is not the optimized 
one for an implementation of an incremental coding but it is 
the only one, which can be used on a panel which does not 
dispose of the selective erasing capability, i.e. where no 
separate erasing lines are provided. In the following table 
the code words used in the second mode are listed. 
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In both modes the saving of one operation per sub-field 
period, saves a lot of time and enables the use of more sub- 
field periods. Obviously, as in the second mode the lower 
sub-field rates are positioned at the end of the frame 
period. These modes require very efficient priming/erase 
operation since for the writing of the lower sub-field 
weights there is a long distance in time from the previous 
global priming operation, and in between there is no 
excitation of the plasma cell due to the specific coding. 

It is also possible to use the overall concept of NFC coding 
in combination with the standard addressing scheme (with 
writing, sustaining and erasing period per sub-field) . Of 
course, the previously mentioned advantage that a lot of 
time is saved, is no longer valid. Nevertheless, there are 
some situations where the concept of motion dependent sub- 
field code word entry shifting should be used, e.g. for 
sharpness enhancement. The concept of sub-field code word 
entry shifting is disclosed e.g. in BP-A-980 059. Despite of 
that the advantage of time saving is reduced, the advantage 
of no false contouring is still valid in this case 
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In the introduction, it was already explained that the large 
area flickering is a real problem in countries, e.g. of 
Europe, using 50Hz frame repetition rate in the TV norms, 
5 such as PAL and SECAM. However, even in the case of 60Hz 

frame repetition rate such as in the NTSC TV system, such a 
flickering will become disturbing in the future with the 
increase of the display size (since the human eye is more 
sensitive to the large area flickering in the peripheral 

10 zones) as well as with the increase of the luminance or 
brightness of the picture. Note that the peak white 
luminance level is increased more and more on PDPs. In Fig. 
14 the human eye sensitivity versus temporal frequency 
components for different luminance levels is depicted. Even 

15 for 75Hz temporal frequency components, there are contrast 
sensitivity values in the range of 2 to 3 for the two high 
luminance levels. For that reason, the concept of flickering 
reduction by an artificial frequency doubling is not only an 
advantage for 50Hz video norms but also for 60Hz video norms 

20 and even for PC applications which tend to 75Hz or more 
frame repetition rate. 

The concept of artificial frequency doubling adapted to the 
PDP technology is already described in the publication 

25 document of another European patent application of the 

applicant with the number EP-A-0 982 708. This concept is f~"; 
based on the main idea of sorting the sub- fields in two 
groups inside the frame period (20 ms in case of 50Hz video 
norms) . Each group is displayed in an equivalent time frame, 

30 i.e. 10 ms in case of 50Hz video norms respecting the fact 

that the most significant sub-fields of each group will have 
preferably the same weights. Such a code can relatively 
simply be derived from a standard code as can be seen in 
Fig. 15. There, at the top of Fig. 15 an example of a 10 

35 sub- field code is shown. The four most significant sub- 
fields are split in two parts by a bisection operation. Then 
the resulting 14 sub- field periods are organized in two 
consecutive groups in an optimized fashion, so that in each 
group almost the same amount of light pulses will be 
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produced, i.e. most similar numbers result, when summing up 
the sub- field weights of the sub- fields in either group. The 
grouping of the sub-fields is depicted in Fig. 15. It is one 
possible generation of a flicker-free code with 14 sub- 
fields from a standard 10 sub-field code. In other words, 
the obtained flicker-free code needs 14 sub-fields but will 
only have the quality of a standard 10 sub-field code. 

In the case of an incremental sub- field coding, this is not 
really acceptable since it cannot be afforded to have the 
quality of a sub- field organization with a lower sub- field 
number since we need as many sub- fields as possible to 
dispose of an acceptable gray level rendition. If not enough 
sub- fields are used in case of the incremental encoding, the 
dithering pattern is very visible and this will lead to a 
strong noise level in the picture. It is true what is 
explained in the document EP-A-0 982 708 that it is possible 
to use more sub-fields in the flicker-free code mode at 50Hz 
video norms than in a standard mode for 60Hz video norms 
since more time is available (20 ms instead of 16.6 ma). 
Nevertheless, in case of incremental encoding, the dithering 
will be more visible at the 50 Hz frame repetition rate than 
at the 60Hz frame repetition rate because the dithering 
pattern changes less often. It is notified that the 
dithering pattern changes for each pixel/colour, each line 
and each frame . For that reason, it is not really feasible 
to split the most significant sub- fields from a standard 
sub-field code for 60Hz frame repetition rate to design a 
specific flicker-free code for 50Hz frame repetition rate. 
In addition, it has already been mentioned that even for 
60Hz frame repetition rate the large area flickering is an 
xssue and, therefore, also requires a specific flicker-free 
code mode . 



Therefore, an adaptation of the sub- field grouping is 
required for the incremental sub-field encoding mode. 
According to the invention this adaptation can be made 
samply by alternating the position of the sub-fields coming 
from a standard incremental code in order to generate two 
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groups of sub-fields with relatively similar size, each 
group being included in a 10 ms time frame. In the case of 
60Hz video norms or PC graphic applications running with 
60Hz frame repetition, the two groups will be included in 
5 two 8.3 ms time frames. For 75Hz video applications, the 
time frame would be 6.6 ms. For the specific case of a 
selective erasing operation in front of each sustaining 
period, the solution according to the invention is 
illustrated in Fig. 16. At the top of Fig. 16 the sub-field 

10 organization for the standard incremental code with 12 sub- 
fields is shown. At the beginning of the frame period there 
is a global addressing period (priming without erasing) , in 
which all plasma cells are charged and prepared for light 
emission. Then the different sub-field periods follow. In 

15 each case there is selective erasing operation in front of 

the sustaining operation, as described already in connection 
with Fig. 12. The sub-field weights increase step-by-step 
with the number of sub-fields. After the sustaining 
operation of the sub-field SF 12 , the global reset operation 

20 is performed. Behind this a blanking period follows, which 
needs to be present especially for the case where the frame 
period is subject of jittering, for example in the case non- 
standard video signals are displayed on the PDP. 

25 The optimized flicker-free code is depicted at the bottom of 
Fig. 16. The frame period is divided in two periods of equal 
size, i.e. in a 10 ms raster. In each group Gl and G2 there 
is an amount of 6 sub-fields grouped together. In the first 
group Gl all the odd sub- fields SFi to SF U are grouped 

30 together. In the second group all the even sub-fields SF 2 to 
SF i2 are grouped together. Behind the sub- field SFn of the 
first group and SF 12 of the second group the global reset 
operation is performed. At the beginning of each sub- field 
group the global addressing operation is performed for 

35 preparation of the cells. Behind the global reset operation 
of the first group Gl the first part of the blanking period 
Bl follows up to the end of the first sub- field group. 
Likewise, behind the global reset operation in the second 
group G2 a second part of the blanking operation B2 follows. 
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It can be seen from Fig. 16, that the blanking period of the 
standard sub- field encoding mode needs to be distributed and 
adjusted. Of course, the total amount of blanking periods is 
smaller than in the standard incremental coding mode because 
» one global addressing period and one global resetting period 
is added in the case of the flicker-free coding. When 
counting together the sub-field weights in both groups, it 
is evident that there is a relatively great difference 
between both values. The sum of sub- field weights for the 
first group Gl is 116, whereas the sum of the sub-field 
weights for the second group is 130. While this would not be 
an optimum for a standard sub-field encoding, this has 
proved to be no problem in case of the incremental sub- field 
coding. Simulations and measurements have proved, that this 
type of sub-field grouping brings better results than a sub- 
field grouping where the sub- field weights in both groups 
are better equalized. A prerequisite for this observation 
is, however, that the incremental encoding is used. This 
observation can be satisfyingly explained when taking into 
account the dithering step. This is explained hereinafter by 
an example. 

If, for example, a sub-field code needs to be displayed 
where the first 8 sub- fields SF a to SF 8 are activated, this 
means, that in the flicker-free code the first 4 sub-fields 
in group Gl will produce light and the first 4 sub-fields in 
group G2 will produce light. The resulting sum of sub-field 
weights is 45 for the first group Gl and 59 for the second 
group G2 . When due to a dithering step the next higher sub- 
field SF 9 is activated, the situation changes to a sum of 76 
for the first group Gl and 59 for the second group G2. So in 
the first case the second group G2 had the higher sub-field 
weights sum and in the second case the first group Gl has 
the higher sub-field weights sum. This means that over a 
number of frame periods an equalization is performed and, 
therefore, the human eye will not have the impression of a 
remaining strong 50Hz frequency component. The situation is 
different when for better equalization in group Gl the sub- 
fields SF 2 , SF 3 , SF 6 , SF 7 , SF 10 , and SF U are grouped together 
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and in sub- field group G2 the sub- fields SFi, SF 4/ SF 5 , SF 8 , 
SF 9/ and SFi 2 - In this case for the same code word the sum of 
sub- field weights is for group Gl 52 and for group G2 also 
the same value 52 when no dithering step is present. Then, 
5 however, when a dithering step is switched on with 

activation of sub- field weight SF 9 , the sum of sub- field 
weights for the second group will change to the value 83. 
Therefore, there cannot be equalization over a number of 
frame -periods of this discrepancy. A corresponding 50Hz 
10 frequency component would be visible. 

Of course, the example shown in Fig. 16 is not the only 
possibility to generate a flicker-free incremental code. For 
example, the even sub- fields could be grouped together in 

15 the first group Gl and the odd sub- fields respectively in 
the second group G2 . The major need is to generate two 
groups with the same duration and this is done using a part 
of the standard blanking period B (normally located between 
two video frames) to be put between the two groups as well 

20 as between the last group and the next frame. Since the 
weights of the sub-fields are not exactly the same, the 
length of these two blanking periods Bl and B2 can be 
different as also depicted in Fig. 16. The advantage of this 
flicker- free incremental sub- field encoding mode is the fact 

25 that the same number of sub- fields are required as for a 
standard flicker-free sub-field encoding mode and that the 
same picture quality in terms of gray scale rendition is 
produced . 

30 The same encoding principle as in the case of a standard 

incremental sub-field encoding will be used and this leads 
to the following encoding table in case of our 12 sub-field 
example . 
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Again, here it is also possible to use the overall concept 
of NFC coding in combination with the standard addressing 
scheme (with writing, sustaining and erasing period per sub- 
field) , e.g. for the combination of NFC coding with sub- 
field code word entry shifting. 



is 



20 



In the following the concept of generating a flicker-free 
10 code for the case of an implementation of an incremental 
coding with selective writing operation in the sub-field 
periods, is explained. The overall principle stays the same 
but the order of the sub-field is inverted as can be seen in 
Fig. 17. Also in this case, in the first group Gl all the 
odd sub-fields SF X1 to SF X are grouped together. In the 
second group G2 all the even sub-fields SF 12 to SF 2 are 
grouped together. After the sustaining period of the last 
sub- field SF a in the first group Gl a global erase operation 
follows. Also the global erase operation is performed after 
the sustaining period of the last sub- field SF a in the 
second group G2. The blanking period is again sub-divided in 
two parts Bl and B2 in order to adjust the sub-field group 
lengths and to assure that the 10 ms or 8.3 ms raster can be 
maintained. It is also remarked, that the first group of 
sub-fields can be made with either the odd or even sub- 
fields from the prior incremental code. In the example shown 
in Fig. 17 there is no global priming operation in the 
second sub-field group G2 . Of course, this depends on the 
efficiency of the priming operation itself, in case 
efficiency is not high enough, it is recommended to 
implement also a global priming operation at the beginning 
of the second sub-field group G2 . 
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As already mentioned in the first group there could be 
grouped together either the odd or the even sub-fields. And 
5 respectively in the second group either the even or the odd 
s\ob- fields can be grouped together. This can be utilized for 
a further improvement. Namely, the position of the sub-field 
groups having grouped together all the even or odd sub- 
fields, can be exchanged from frame period to frame period 

10 in a predetermined way. This could help to further reduce a 
remaining low frequency component. An alternative to this 
solution is to change the group position in a randomized 
fashion instead of the deterministic alternation. Also this 
can further reduce the large area flickering. Both solutions 

15 are simple to implement. The sub- field coding process can 

remain unchanged. However, it is required that the sub-field 
code word entries stored in the frame memory are read out in 
a different order for display driving. Corresponding masking 
Bit patterns can be used for this purpose when addressing 

20 the sub- field code words in a frame memory. 

Fig. 18 shows a block diagram of the corresponding apparatus 
for controlling the display. Input R, G, B video data is 
forwarded to a sub-field coding unit 20. For the sub-field 

25 coding process to each RGB data the corresponding code word 
will be selected from the corresponding look-up table. The 
sub- field code words are forwarded to a memory 21 separately 
for the different colour components R, G, B. This memory 
preferably has a capacity of two frame memories. This is 

30 recommendable due to the plasma driving process. The plasma 
display panel is driven in sub- fields as explained above 
and, therefore, for every pixel only one Bit (in fact 3 Bits 
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because of the 3 colour components) needs to be read out of 
this memory per sub-field. On the other hand data needs to 
be written in the memory. To avoid any conflicts between 
writing and reading, there are two independent frame 
5 memories used. When data is read from one frame memory, the 
other frame memory is used for writing of data and vice 
versa. The read Bits of the sub-field code words are 
collected in a serial parallel conversion unit 22 for a 
whole line of the PDP. As there are e.g. 854 pixel in one 
10 line, this means 2962 sub-field coding Bits need to be read 
for each line per sub- field period. These bits are input in 
the shift registers of the serial/parallel conversion unit 
22. 



is The sub-field code words are stored in memory unit 21. The 
external control unit 24 also controls reading and writing 
from and to the memory unit. Also it controls the sub-field 
coding process and the serial/parallel conversion. Further 
it generates all scan, priming, sustaining and erasing 

20 pulses for PDP control. It receives horizontal H and 
vertical V synchronizing signals for reference timing. 

Some or all of the electronic components shown in the 
different blocks may be integrated together with the PDP 
25 matrix display. They could also be in a separate box, which 
is to be connected with the plasma display panel. 

The invention can be used in particular in PDPs. Plasma 
displays are currently used in consumer electronics e.g. for 
30 TV sets, and also as a monitor for computers. However, use 
of the invention is also appropriate for matrix displays, 
where the light output is also controlled with small pulses 
in sub-periods, i.e. where the PWM principle is used for 
controlling the light output. 



35 



WO 02/45062 



27 



PCT/EP01/13346 



Claims 

1. Method for controlling a display device having a 
plurality of elements corresponding to the colour 
5 components of pixels of a video picture, wherein the 

video picture data are processed, said video picture 
data comprising video level pixel data for each colour 
component, wherein the pixel data is converted into a 
sub-field code word, in which to each Bit of the 

10 digital code word a certain duration is assigned during 

which the corresponding element of the pixel is 
activated for light output, herein after called sub- 
field, wherein for the sub- field coding process a 
specific code is used in which by corresponding bit 

15 entries it is avoided that in a frame period a sub- 

field is inactivated between two activated sub- fields 
and in which it is avoided that in a frame period a 
sub-field is activated between two inactivated sub- 
fields, characterized in that, the sub-fields of a 

20 frame period are organized in two consecutive groups 

(Gl, G2) , wherein the odd sub- fields are grouped in one 
group (Gl) and the even sub- fields are grouped in the 
other group (G2) . 

25 2. Method according to claim 1, wherein the two sub-field 

groups (Gl, G2) are separated from each other by 
dedicated blanking periods (Bl, B2) so that the light 
output occurs in a specific time raster, in particular 
in a 10 ms raster for 50Hz frame/field repetition rate 

30 or in a 8.3 ms raster for 60Hz frame/field repetition 

rate. 

3. Method according to claim 1 or 2, wherein at the 
beginning of each sub- field group (Gl, G2) a global 
35 addressing operation is performed in a sub-period, in 

which the display elements are activated for a light 
output . 
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4. Method according to claim 3, wherein to each sub-field 
period a selective erasing period and a global 
sustaining period belongs, wherein in the selective 
erasing period those display elements which shall no 
longer produce a light output in the current sub- field 
group are inactivated and in the global sustaining 
period the activated display elements are stimulated 
for light output in small pulses. 

5. Method according to claim 1 or 2, wherein at the 
beginning of each sub- field group (Gl, G2) a global 
priming operation is performed in a sub-period, in 
which the display elements are prepared for light 
output . 

6. Method according to claim 5, wherein to each sub-field 
period a selective addressing period and a global 
sustaining period belongs, wherein in the selective 
addressing period those display elements which shall 
produce light in the corresponding sub-field period are 
activated and in the global sustaining period the 
activated display elements are stimulated for light 
output in small pulses. 

7. Method according to one of the previous claims, 
wherein at the end of each sub- field group (Gl, G2) a 
global erasing period follows, in which the display 
elements are reset to a neutral state. 

8. Method according to one of the previous claims , 
wherein the specific code used in the sub- field coding 
process has the characteristic, that the sub-field 
weight, i.e. the amount of light pulses generated 
during the sub-field period, increases from sub-field 
to sub-field or decreases from sub-field to sub-field 
in the frame period when all the sub-field weights are 
ordered according to size. 
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9. Method according to one of the previous claims, 
wherein the position of the sub- field groups (Gl, G2) 
within the frame period is exchanged in a predetermined 
frame period raster, e.g. from frame period to frame 

5 period or in randomized fashion. 

10. Method according to claim 8 or 9, wherein the sub- 
field weights used for the specific code when ordered 
according to size follow the form of the gamma 
function, e.g. Y = X Y , with -y= 2.2, where Y is the 
output video level and X is the input video level. 

11. Apparatus for controlling said display device having 
a plurality of elements corresponding to the colour 
components of pixels of a video picture, said apparatus 
having included: 

i) a video processing unit in which video picture data 
are processed, said video picture data comprising video 
level pixel data for each colour component, 

ii) a sub-field coding unit (20) in which the pixel 
data is converted into a sub- field code word in which 
to each Bit of the sub- field code word a certain 
duration is assigned during which the corresponding 
element of a pixel may be activated for light output, 
herein after this period is called sub-field, wherein 
for the sub- field coding process a specific code is 
used, in which by corresponding Bit entries it is 
avoided that in a frame period a sub-field is 
inactivated between two activated sub-fields and in 
which it is avoided that in a frame period a sub- field 
is activated between two inactivated sub-fields, 
characterized in that, said apparatus further includes 
a controller (24) for the display driver circuits, 
which provides the light generation in a frame period 
in two consecutive groups (Gl, G2) wherein the odd sub- 
fields are grouped in one group (Gl) and the even sub- 
fields are grouped in the other group (G2) . 
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